Background-Response to treatment may be useful for diagnostic confirmation of childhood tuberculosis (TB). We aimed to evaluate time to symptom resolution in children treated for pulmonary TB.
BACKGROUND
Childhood tuberculosis (TB) is a significant contributor to the overall global burden of TB disease, with an estimated 6% of total TB cases per year occurring in children <15 years of age [1] . Children, less than two years of age, have increased risk of TB disease progression after infection and increased TB morbidity and mortality after disease, compared with adults [2] [3] [4] . Whileintra-thoracic TB is the most common pathology in children, definitive diagnosis is difficult, since childhood disease is pauci-bacillary [5] [6] [7] . This diagnostic challenge has implications for definition of endpoints in pediatric TB research, including studies of new TB diagnostics, vaccines, and drugs [8] . Since microbiologic confirmation is often not possible, composite endpoints for TB diagnosis are sometimes based on clinical diagnostic algorithms [2, [8] [9] [10] .
Given the lack of a standardized case definition for childhood TB [2, 8, 11] , a recent expert consensus statement on diagnostic endpoints for TB research suggested that clinical response to anti-tuberculosis treatment should be one of the diagnostic criteria in a composite TB endpoint [4] . The expert consensus statement defined response to treatment as resolution of clinical symptoms within two months from start of TB treatment [4] , but it was acknowledged that there is little evidence on which to base this recommendation. Objective data on duration of symptoms and treatment response in childhood TB are lacking, and the panel highlighted the need for further research in this area [4] .
We aimed to measure the time to resolution of baseline symptoms following initiation of TB treatment, and to describe the independent determinants of symptom resolution, in a group of Bacillus Calmette-Guérin (BCG) vaccinated children younger than two years of age who were diagnosed and treated for incident pulmonary TB, in the context of a clinical trial of TB surveillance methodology [12, 13] . We hypothesized that: first, resolution of baseline symptoms would require longer than 60 days in young children treated for pulmonary TB; second, that time to resolution of symptoms would differentiate children with TB disease from those without TB disease; and third, that clinical, radiographic and microbiological factors might be identified that are independent predictors of TB symptom duration.
METHODS
A randomized trial to determine the impact of active or passive surveillance methodology on the two-year cumulative incidence of pulmonary TB in healthy, BCG vaccinated infants, was conducted between 2005-2008 near Cape Town, South Africa [12] . The trial was approved by the University of Cape Town Human Research Ethics Committee (HREC) (064/2005).
Study Design and Population
We present data from the active surveillance trial arm, in which children had follow-up visits scheduled at three-monthly intervals, from birth until at least two years of age. We analyzed the subgroup of symptomatic children who were investigated and treated for pulmonary TB, which was diagnosed using a standardized, published [9] diagnostic algorithm, during the course of the trial. Children were included in the analysis if: a) they had at least one baseline symptom compatible with pulmonary TB; b) they had received treatment for TB disease diagnosed on clinical grounds; and c) they had completed at least one follow-up visit within 210 days from date of starting TB treatment. Children without baseline TB symptom data; or who did not receive TB treatment; or who were HIV ELISA positive, were excluded from this analysis.
Evaluation of TB Disease
Children with suspected TB, on the basis of persistent cough or wheeze for longer than two weeks, or failure to thrive for longer than two months (defined as crossing growth chart centiles) [14] , or who were in close household contact with an adult with known TB disease, were investigated using a standard diagnostic approach [12] . Clinical data collection included a history of the presence and duration of symptoms compatible with pulmonary TB at baseline. The symptoms of fever, night sweats, and loss of appetite were excluded from analysis, since these symptoms had been negatively associated with Mycobacterium tuberculosis (MTB) culture-confirmed TB in our previous pediatric studies [4] . A tuberculin skin test (TST); two-paired gastric lavage and induced sputum samples for MTB liquid culture; and a chest radiograph (CXR), were performed. CXRs were reviewed by three independent reviewers, blinded to clinical data, and were categorized as compatible or not compatible with a diagnosis of pulmonary TB, on the basis of two-thirds majority opinion. A post hoc data-driven diagnostic algorithm, using clinical, radiological and microbiological variables, was applied to classify each episode as Definite/Probable TB (TB cases), Possible TB (included here only in sensitivity analyses), or Unlikely/Not TB (non-cases) [12] .
Response to Treatment
Treatment decisions were made on clinical grounds by the attending clinician, independent of the final algorithmic TB case classification. Therefore, any child investigated for pulmonary TB might be prescribed the first-line regimen of isoniazid, rifampicin and pyrazinamide (HRZ); or isoniazid preventive therapy (IPT) prophylaxis only; or other antibiotic therapy; or no treatment (observation only). Following investigation, all children resumed their pre-existing three-monthly follow-up visit schedule, independent of the timing of TB treatment start. The study team recorded the presence of persistent symptoms compatible with TB at each subsequent study visit. Resolution of a baseline symptom was defined as absence of that specific symptom at follow-up. Time within which a baseline symptom resolved was defined as the period from start of TB treatment to the first follow-up visit at which resolution was recorded.
Statistical Analysis and Data Presentation
Data are presented as medians, interquartile ranges (IQR) (skewed data), box and whisker plots, proportions, means (normal data) and hazard ratios, with 95% confidence intervals (95% CI). Differences in median symptom duration (days) between TB cases and non-cases were analyzed using the Mann-Whitney rank-sum test. Possible TB cases were excluded from this primary comparison. Sensitivity analyses were performed under the assumption, first, that Possible TB cases were true TB cases (grouped with Definite/Probable TB); and second, that Possible TB cases were non-cases (grouped with Unlikely/Not TB). Factors independently associated with time to resolution of baseline cough, wheeze and FTT, were modeled using Cox proportional hazard regression in TB cases only. The variables age, gender, CXR, birth weight, household TB contact, weight for age z-score, and MTB culture were included in the model. A forward stepwise regression strategy, beginning with a null model, was used to select the most significant variables in the multivariate analysis (p value < 0.1). Adjusted Hazard Ratios (AHR) with 95% CI were computed to analyze determinants of time-to-event (i.e. symptom resolution). Data analysis was performed using STATA version 12.1 (Stata Corp; College Station, Texas). Figure 1 summarizes the flow of children who were investigated, diagnosed, and treated for pulmonary TB, and who are included in this analysis. A total of 719 children were investigated for suspected TB. Two hundred and thirty eight children in the passive surveillance arm, who did not have scheduled three-monthly follow-up visits, were excluded. Sixty-six children were excluded on other grounds, including five children on the basis of HIV infection status (positive or unknown) and 61 children who did not have a follow up visit within 210 days. A further 69 children either had no symptoms at baseline, or had missing symptom data. One hundred and fifty five of the remaining 346 symptomatic children were not treated for TB by the attending clinician. Therefore, a total of 191 symptomatic children, who started a six-month course of HRZ treatment for suspected pulmonary TB disease, are included in this analysis. Table 1 summarizes baseline characteristics and diagnostic data. 191 symptomatic TB treated children; median age, 12 months (IQR: 8-15 months), mean birth weight, 2.8 kg (95% CI 2.7 -2.8 kg) and mean weight for age z-score −1.31 (95% CI −1.56 to −1.06) were analyzed. Forty-three (23%) of the 191 children had a CXR compatible with pulmonary TB and 9 (5%) children had culture-confirmed MTB.
RESULTS
Median time to first post-treatment visit was 61 days (IQR 41-75 days). Forty-seven of the 110 (43%) children with cough, 43 of the 100 (43%) children with wheeze, and 43 of the 120 (36%) children with FTT at baseline, had resolved these symptoms by the first posttreatment visit. Median time to resolution of baseline cough was 66 days (IQR 47-78 days); that of wheeze was 65 days (IQR 50-76 days); and that of FTT was 68 days (IQR 47-97 days).
Forty-eight children (25%) were classified as TB cases and 46 children as non-cases, based on the study diagnostic algorithm. There was no statistical difference in time to resolution of baseline cough, wheeze, or FTT, between TB cases and non-cases. Median duration of baseline cough was (63 vs. 70 days, p=0.98), wheeze (62 vs. 68 days, p=0.87) and FTT (76 vs. 66 days, p=0.59). Sensitivity analyses performed, first, under the assumption that children with Possible TB were true TB cases, and second, under the assumption that children with Possible TB were non-cases, did not alter these findings. Thereafter, Possible TB cases were excluded from subsequent analyses (data not shown).
Among TB cases, only twelve of the 24 (50%) children with baseline cough, 11 of the 23 (48%) children with baseline wheeze, and 14 of the 31 (45%) children with baseline FTT, had resolved these symptoms by the first post-treatment visit. Only 10 of 24 (42%) TB cases with baseline cough, 10 of 23 TB cases with baseline wheeze (44%), and 10 of 31 (32%) TB cases with baseline FTT, had resolved these symptoms within 60 days after starting treatment (Figure 2A ).
Univariate associations between demographic factors, other possible predictors, and median time to baseline symptom resolution were modeled using Cox proportional hazards regression and summarized in Table 2 . Only low birth weight was a significant predictor of time to resolution of FTT. The relative 'hazard' for resolution of FTT increased nearly threefold (i.e. shorter time to resolution) in newborns of normal birth weight, compared to low birth weight newborns. Table 3 presents the multivariate model for independent associations between predictor variables and median time to baseline symptom resolution, after adjusting for covariates. A CXR compatible with pulmonary TB was the most consistent predictor of longer time to symptom resolution. Children with a positive CXR had 69%, 74%, and 59% decreased relative 'hazard' for resolution (i.e. longer time to resolution) of baseline cough, wheeze, and FTT, respectively. Older age was associated with increased relative 'hazard' for resolution of cough (i.e. shorter time to resolution).
DISCUSSION
We have shown that the majority of young children with a diagnosis of pulmonary TB, in the setting of a clinical trial, took longer than 60 days after starting TB treatment for baseline cough, wheeze, and failure to thrive to resolve. It follows that adoption of a two-month threshold to define a positive clinical response to treatment for retrospective confirmation of TB diagnosis, would exclude at least half of pulmonary TB cases in this age group. These findings conflict with a recent expert consensus statement, which recommends symptom resolution within two months on TB treatment as a diagnostic criterion in young children with pulmonary TB [4] .
We have also shown that time to resolution of these clinical features did not differentiate between pulmonary TB cases, including cases with radiological and microbiological confirmation, and non-cases, using a robust clinical trial algorithm. This important finding suggests that the timing of clinical response to TB treatment, characterized by resolution of baseline cough, wheeze, or FTT, should not be included in the TB endpoint definition for clinical trials of new diagnostics, drugs, and vaccines [4, 8] .
Experienced clinicians might feel that response to TB treatment is useful for retrospective confirmation of a TB diagnosis in a clinical setting. The contrary findings of our study serve to underline the lack of evidence to support this apparently logical view, which hinges on two linked assumptions: first, that children with true TB disease will show clinical improvement on TB treatment, but no clinical improvement in the absence of TB treatment; and second, that children without true TB disease will show no clinical improvement on TB treatment, but will show clinical improvement in the absence of TB treatment. However, consideration of all possible diagnosis-and-treatment scenarios reveals several reasons why a child with TB might fail to respond to TB treatment, including: poor treatment adherence, inadequate dosage, drug resistance, co-infection and co-morbidities, including undernutrition, and post-viral and chronic lung disease [4, 8, 15] . It follows that delayed or inadequate response to treatment should not necessarily exclude a TB diagnosis. Similarly, children without true TB disease might show partial or even full clinical improvement for reasons unrelated to anti-TB drug therapy. For example, viral and bacterial pulmonary infections other than TB may cause similar symptoms that resolve coincidentally, while a child is receiving TB treatment [4, 8, 15] . Growth failure may respond to social and nutritional interventions instigated in parallel with TB treatment, and persistent cough and wheeze might resolve periodically in children with undiagnosed asthma. Any of these factors might have contributed to the fact that time to resolution of baseline symptoms did not discriminate TB cases from non-cases.
It is also possible that diagnostic use of symptom resolution assumes a higher degree of specificity for symptom-based TB diagnosis than is truly the case. The use of symptoms for clinical diagnosis of childhood TB is understandable, since microbiological confirmation is rarely achieved in pauci-bacillary disease and radiological features may be difficult to interpret [11, 16, 17] . However, symptom-based approaches for diagnosis of childhood pulmonary TB yield varying results [18] [19] [20] , may lack validation [11] , and may include poorly-defined symptoms that are common in children with conditions other than TB [21] . Previous studies have shown that symptoms commonly associated with TB may be of limited diagnostic value in children from endemic settings, unless these symptoms are well defined [22] . Clinical features in this study were recorded as compatible with TB at baseline if persistent for longer than two weeks, in the case of cough and wheeze, or longer than two months in the case of failure to thrive. Our definitions of symptoms, and time to resolution of symptoms, appear sufficiently precise to detect differences within and between groups, since we have shown that CXR features of pulmonary TB were associated with longer duration of cough, wheeze, and FTT, after adjusting for other covariates. These findings agree with data from other studies, in which severity of radiographic pathology was associated with time to sputum smear and MTB culture conversion, an objective measure of response to TB treatment [15] . Previous studies have also reported a relationship between baseline cough and covariates, including birth weight, age, and CXR, and symptom duration [23] .
This study has certain limitations. We performed a retrospective analysis of prospectively collected data. The original data collection instruments were not specifically designed for this study and therefore, we were unable to analyze TB drug adherence, dosage, and susceptibility; or antibiotic treatment of co-morbidities. However, data were collected under clinical trial conditions and we believe that the diagnostic data and TB case classifications are robust. We did not analyze time to resolution of symptoms among children who were not treated for TB, since we chose to focus on a valid comparison only among children who received TB treatment. We analyzed only HIV uninfected children in order to standardize interpretation of the diagnostic data. We acknowledge that our definition of symptom resolution is limited, since only presence or absence was recorded at follow-up, and therefore we were unable to analyze partial changes in symptom severity over time. Accordingly, we were not able to interpret clinical responses that might have occurred within the early weeks of TB treatment, or symptoms which might have resolved, but then recurred.
However, we note that the timing of follow-up visits was ideal to test whether clinical response to treatment occurred within a two-month threshold, as per the recent recommendations for diagnosis of childhood TB [4] . The fact that more than half of symptoms in TB cases had not resolved within two months emphasizes that clinical response to TB treatment requires longer than has been suggested [4] . Further, since we were able to demonstrate an association between CXR pathology, a potential marker of TB disease severity [24] , and time to resolution of symptoms, we suggest that our definition of symptom resolution should have been sufficiently sensitive and specific to allow observation of any difference in clinical response to treatment between TB cases and non-cases, if such a difference truly existed [4] . Finally, we acknowledge that these findings might not be applicable to children treated for pulmonary TB in other clinical settings, in older children, HIV infected children, or in children with a different spectrum of TB disease. 
